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It is demonstrated that the redox potential (ROP) of glass is formed depending on the type of gases released in 
heating batch materials. The ROP of glass has a significant effect on the valence state of iron and copper and 
the oxygen coordination number of Cu(II) ions. 


Light transmission in glass is mainly determined by the 
concentration of the colorant impurities from d- and ^ele¬ 
ments that penetrate into a glass melt with the batch materi¬ 
als. The colorant capacity of each element is unique and is 
closely related to its valence-coordination state [1], Thus, 
among the traditional glass impurities, Co0 4 , Ni0 4 , Fe(II), 
Cr(III), and Cu(II)0 6 absorb more intensely in the visible 
range than Co0 6 , Ni0 6 , Fe(III), Cr(IV), and Cu(II)0 4 , whereas 
Cu(I) has virtually no coloring effect on the glass melt. 

The degree of oxidation of the variable-valence elements 
is influenced by the redox potential (ROP) of the glass melt, 
whose formation is determined by the ROP of the glass ma¬ 
trix and the batch and also by the temperature-time and redox 
conditions of glass melting [2, 3], 

The effect of individual raw materials on the ROP of a 
batch for glass intended for construction and engineering is 
analyzed in [4], The problem of estimating the ROP of opti¬ 
cal glasses is not considered in detail in the technical lite¬ 
rature. 

The purpose of the present study is to consider the me¬ 
chanism of the effect of the batch materials on the ROP of 
optical glasses. Copper and iron that are variable-valence 
elements were selected as indicators of the ROP of the glass 
melt [5]. A transformation of the spectral curves of absorp¬ 
tion indexes and an increase or decrease in the intensity of 
the maximums make it possible to reliably estimate the vari¬ 
ations in the level of acidity (alkalinity) of glass [5], 

It is known that Cu(I) does not color the visible spectrum 
range, the Cu(ll)0 6 complex (blue) is characterized by a 
band in the near IR range around 800 nm, Cu(II)0 4 (yellow) 
has a band in the violet range [6], and Cu(0) imparts a red 
color to glass (copper ruby). 

Trivalent iron in glass has intense absorption near 
380 nm, and bivalent iron has a blurred wide band with a 
maximum around 1000 nm [1]. 
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The glass for experiments was melted from a traditional 
(a dry thoroughly averaged mixture of materials) or nontradi- 
tional batch. The latter was synthesized from silicon-contain¬ 
ing sol-gel solutions by thermal coagulation and subsequent 
drying of gel [7]. The resulting powder was used for melting 
silicate glass. The phosphate glasses were obtained from true 
aqueous solutions containing all the necessary oxides [8], 

The chemical materials used for batch preparations were 
oxides, hydroxides, acids, and salts of at least “analytical pu¬ 
rity” grade. To perform the necessary measurements, 0.3% of 
iron was introduced via Fe 2 0 3 , or 0.1% copper was intro¬ 
duced via CuO into the batch of clear glasses. 

The glass was melted in a laboratory electrical furnace in 
platinum, corundum, or quartz glass crucibles. In some cases 
the glass melt was subjected to 30 min swirling using oxy¬ 
gen, steam, or ammonium. 

The spectral light transmission of glass was measured 
using a SF-26 spectrophotometer within a wavelength inter¬ 
val of 3 60 - 1100 nm. The absorption index a x of glass or the 
specific absorption index % x of the colorant impurity in glass 
was calculated from the formulas 

-logx —D 


where x is the light transmission coefficient, %; D is the re¬ 
flection correction; d is the sample thickness, cm; W is the 
weight content of the impurity, %. 

All experiments were performed on three glass composi¬ 
tions: clear optical borosilicate glass K-8, tinted optical phos¬ 
phate glass SZS-22, and photochromic glass FKhS-7. The in¬ 
dicators of variation in the acidity (basicity) of glasses were 
variable-valence elements: copper, which makes part of 
SZS-22 and FKhS-7 compositions, and iron, which was de- 
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liberately introduced into the batch of K-8 clear glass for es¬ 
timating its ROP. 

It is known that heating of a batch in charging leads to a 
decomposition of its material components and emission of 
gases. The nitrates in decomposition release oxygen, which 
is a strong oxidizer, and other gases at a high glass-melting 
temperature (1000- 1500°C) can undergo thermal dissocia¬ 
tion, react with each other, and form products that have a 
high oxidizing or reducing capacity. Thus, at a temperature 
around 500°C ammonia completely decomposes with the re¬ 
lease of hydrogen, which is a strong reducing agent: 

2NH 3 = N 2 + 3H 2 . (1) 

At 1000°C carbon dioxide (99.3% of it) dissociates ac¬ 
cording to the reaction 

2C0 2 = 2CO + 0 2 . (2) 

In this way an oxidizing gas (0 2 ) and a reducing gas 
(CO) are formed. 

Carbon monoxide at a temperature of 700°C or above re¬ 
acts with water vapor: 

CO + H 2 0 = C0 2 + H 2 . (3) 

One of the products of this reaction is hydrogen, which is 
a reducing agent. 

Thus, it can be expected that the presence of ammonium 
salts, carbonates, hydroxides, and acids in a batch ought to 
increase the redox potential of the glass melt and raise the 
share of the low-valence forms of iron and copper, namely, 
Fe(II), Cu(I), and Cu(0) in the melt. It can be also assumed 
that insufficient oxidizing conditions in melting would influ¬ 
ence the coordination environment of Cu(II) and modify its 
oxygen coordination number. 

Since nitrates in their decomposition release oxygen, 
they should increase the redox potential of a glass. 

For a quantitative estimation and an analysis of the effect 
of nitrates and carbonates on the ROP of a glass, the content 
of Fe(II) in the alkali-borosilicate glass K-8 was determined 
using a spectrophotometric method [9]. 

In the first stage the batch for K-8 glass was prepared 
from nitrates of alkaline and alkaline-earth metals, boric 
acid, and silicon dioxide. Iron (0.3%) was introduced into the 
batch via Fe 2 0 3 . In the second stage carbonates were used in¬ 
stead of nitrates. 

Nitrates of alkaline metals when heated decompose, re¬ 
leasing oxygen, which increases the oxidizing capacity of 
the melt; accordingly, the share of Fe(II) in the glass is equal 
to 4.3%. 

Carbonates decompose, forming C0 2 , which at a high 
temperature is capable of dissociating according to reaction 
(2); the emerging CO according to reaction (3) reacts with 
water vapor, which is formed in heating boric acid. These 


TABLE 1 


Na 2 0 content intro¬ 
duced into batch via 

Photochromic properties* 

Glass tint 

NaNOj 

Na 2 C0 3 

Ho. % 

M»% 

Hs.% 


1.00 

0 

17 

22 

19 

Clear green 

0.67 

0.33 

14 

64 

44 

The same 

0.50 

0.50 

13 

62 

44 

rr 

0.33 

0.67 

14 

68 

49 

n 

0 

1.00 


Opaque glass 


Liver 


* p Q is the initial light absorption of glass 2 mm thick; p 5 is the light 
absorption of glass 5 min after UV activation on an IFS-2 standard 
plant: p 3 is the light absorption of glass after 5 min of its spontane¬ 
ous decolorization after UV activation. 


two reactions in combination intensify the reducing potential 
of the glass, in which the content of Fe(II) grows to 7.8%. 

The results of a gas chromatographic analysis of K-8 
glass corroborate the existence of reaction (3), which is ac¬ 
companied by emission of hydrogen in melting boron-bear¬ 
ing glass. The partial pressure at 1100°C is as follows (Pa): 
9405 for H 2 0, 95 for (CO + C0 2 ), 25 for N 2 , and 93 for H 2 . 
Note that K-8 glass was melted in a laboratory electric fur¬ 
nace from the traditional batch, and oxides of alkaline-earth 
metals were introduced in the batch via nitrates and carbon¬ 
ates, as is standard for the practice of optical glass production. 

The presence of CO in gases extracted from glass corrob¬ 
orates the possibility of the reaction of thermal dissociation 
of carbon dioxide, which is released in the decomposition of 
carbonates, in the glass melt. The presence of hydrogen indi¬ 
cates a reaction of the water vapor formed in decomposition 
of boric acid with carbon monoxide according to reaction (3). 

Consequently, the effect of materials on the ROP of a 
glass should be considered in the context of the nature of the 
gaseous products released in the decomposition of the batch 
materials and the reactions between these products. Nitrates 
releasing oxygen, when heated, increase the oxidizing poten¬ 
tial of K-8 glass, whereas carbonates and boric acid decom¬ 
posing with the formation of C0 2 and FI 2 0 decrease this po¬ 
tential. This is substantiated by the increase in the Fe(II) con¬ 
tent from 4.3 to 7.8%. 

The photochromic glass FKhS-7 belongs to a sodium- 
borosilicate system complicated by small quantities of oxi¬ 
des of other elements; copper acts here as the light-sensitive 
component. 

It is known that the photochromic properties of such 
glass are determined by the equilibrium 

Cu° = Cu + = Cu 1+ , 

which is closely related to the ROP of the glass melt. 

Table 1 shows the shares of NaN0 3 and Na 2 C0 3 in a 
nontraditional batch of FKhS-7 glass and some properties of 
this glass. 
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a x > cm 1 



Fig. 1. Copper absorption indexes in SZS-22 glass melted from a 
nontraditional batch based on nitrates ( 1) and ammonia salts (2 ). 

It follows from the data in Table 1 that the increased con¬ 
tent of sodium carbonate in the batch correlates with an in¬ 
creasing amount of the low-valence forms of copper up to 
the emergence of Cu(0) and points to a decreasing oxidizing 
potential of the glass. These data agree with the results of the 
variation of the ROP in K-8 glass. 

Thus, the gases released in the decomposition of the ma¬ 
terials affect the ROP of glass and indirectly affect the equi¬ 
librium of the valence forms of iron and copper. 

It is known that the melting conditions do not have a per¬ 
ceptible effect on the coordination environment of nickel and 
cobalt, which depends only on the glass composition [1], Ac¬ 
cordingly, it can be expected that the capacity of bivalent 
copper for forming tetrahedra (yellow complex) or octahedra 
(blue complex) with oxygen is likely to be insensitive to a 
variation of the ROP of the glass depending on the type of 
materials. In order to prove or disprove this assumption, a 
batch of copper-tinted phosphate glass SZS-22 was prepared 
using nitrates or ammonium salts of the needed oxides. 

Ammonium salts decompose in heating, releasing NH 3 , 
which at a temperature over 500°C dissociates according to 
reaction (1) with the formation of a strong reducing agent, 
namely, hydrogen. 

Figure 1 shows the copper absorption indexes in glass 
SZS-22 depending on the type of material used, which deter¬ 
mines the ROP of the glass melt. The nitrates contribute to 
increasing the oxidizing potential and facilitate the formation 
of Cu(II)0 6 with an absorption band around 800 nm. Ammo¬ 
nium salts, on the contrary, decrease the oxidizing (and in¬ 
crease the reducing) potential of the glass melt and facilitate 
the formation of tetrahedra [Cu(II)0 4 ] absorbing in the vio¬ 
let range of the spectrum. 

Thus, the coordination state of the Cu(II) colorant ion 
largely depends on the ROP of the glass melt, and this coor¬ 
dination number grows from 4 to 6 as the oxidizing potential 
of the glass increases (the reducing potential decreases). 


To verify the validity of the mechanism responsible for 
the effect of raw materials on the ROP of the glass melt, a 
copper-tinted melt of silicate glass K-8 produced from identi¬ 
cal materials was subjected to swirling for 30 min at the cla¬ 
rification temperature using one of the gases below. 

Gas Specific index of copper 

absorption at a wavelength 
of 800 nm, cm 1 per 1% copper 

Oxygen.15.2 

Without swirling.9.8 

Water vapor.7.5 

Ammonia.Liver-tinted opaque glass 

Consequently, the oxidizing potential of the glass de¬ 
creases (the reducing potential increases) in the following se¬ 
quence: 

ROP of 0 2 > ROP without swirling > 

ROP of H 2 0 > ROP of NH 3 . 

This agrees with the described results and confirms the 
validity of the proposed mechanism of the effect of batch 
materials on the ROP of glass. 
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